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target state. The control method includes: setting a target
value for controlling a physical quantity; measuring the
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1
METHOD FOR CONTROLLING AIR
CONDITIONER AND ENVIRONMENTAL
TESTER

TECHNICAL FIELD

The disclosed technology can be applied to environmental
testers, such as thermostat chambers and thermostat-humi-
distat chambers, and relates to an air conditioner which can
turn a state in closed space to a predetermined target state, and
a method for controlling the air conditioner.

BACKGROUND ART

Environmental testers, such as thermostat chambers and
thermostat-humidistat chambers used for material tests,
which can stably keep physical quantities, such as tempera-
ture, humidity, etc., in a test chamber as closed space to
predetermined target values have been known (see, e.g.,
Patent Document 1). In such an environmental tester, a tem-
perature sensor and a humidity sensor are provided in the test
chamber surrounded by adiabatic walls, and an air condi-
tioner including a refrigerator, a humidifier, and a heater is
controlled based on the values measured by the sensors. Thus,
air is circulated between the test chamber and the air condi-
tioner, and the temperature and the humidity in the test cham-
ber are kept to target temperature and target humidity, respec-
tively.

CITATION LIST
Patent Document

[Patent Document 1] Japanese Patent Publication No. HO7-
140061

SUMMARY OF THE INVENTION
Technical Problem

In such environmental testers, the temperature sensor and
the humidity sensor for measuring the physical quantities
used to control the air conditioner are generally arranged near
an air outlet through which the conditioned air is supplied.
This is because the temperature and the humidity measured
near the outlet of the conditioned air can change quickly in
response to the control of the air conditioner with a small lag,
thereby allowing stable control of the air conditioner.

The inventors of the present invention have found that the
temperature and the humidity near the sensor are merely
adjusted to the target temperature and the target humidity
when only a single sensor for measuring the temperature and
the humidity is provided near the air outlet, and that the
temperature and the humidity are not always adjusted to the
target temperature and humidity in the entire part of the test
chamber. For example, ranges of spatial distributions of the
temperature and the humidity in the test chamber (a differ-
ence between the maximum value and the minimum value)
are deviated from the target temperature and humidity. As a
result, the temperature and the humidity of a particular part in
the test chamber may deviate from the allowable range around
the target temperature, and the allowable range around the
target humidity.

Thus, the inventors of the present invention have studied
arranging a sensor for measuring the temperature and the
humidity at the center of the test chamber, for example, to
control the air conditioner in such a manner that the tempera-
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2

ture and the humidity at the center of the test chamber are the
target temperature and the target humidity, respectively. This
configuration can reduce the deviation of the ranges of the
distributions of the temperature and the humidity from the
target temperature and humidity, and the distributions of the
temperature and the humidity are likely to be kept within the
allowable ranges. However, since a distance between the sen-
sor arranged at the center of the test chamber and the control
system of the air conditioner is increased, changes in tem-
perature and humidity measured by the sensor are delayed in
time from the control of the air conditioner. As a result,
hunting of the control system is likely to occur.

SOLUTION TO THE PROBLEM

The disclosed technology has been achieved in view of the
foregoing. An object of the disclosed technology is to stably
control the air conditioner, and reliably keep the distribution
of the physical quantity representing the state in the closed
space within the allowable range.

To achieve the object, the inventors of the present invention
have focused on measurement of the physical quantities at
different positions in the closed space, and calculation of
moving averages of the physical quantities. Then, the air
conditioner is controlled in such a manner that a median
between the maximum value and the minimum value of the
plurality of calculated moving averages is target physical
quantity.

Specifically, the disclosed method is a method for control-
ling an air conditioner which conditions air sucked from
closed space through an air inlet, and then discharges the
conditioned air to the closed space through an air outlet,
thereby controlling a state in the closed space to a predeter-
mined target state.

The control method includes: setting a target value for
controlling a physical quantity representing the state of the
closed space; measuring the physical quantity over time at a
plurality of different positions in the closed space; calculating
a moving average of measurements of the physical quantity
measured at each of the different positions; and controlling
the air conditioner in such a manner that a median between the
maximum value and the minimum value of the plurality of
calculated moving averages is the target value.

Advantages of the Invention

According to the disclosed technology, the air conditioner
is feedback-controlled based on the moving averages of the
measurements of the physical quantity obtained at the differ-
ent positions in the closed space. This can stably control the
air conditioner, and can reduce the deviation of the range of
distribution of the physical quantity in the closed space from
the target value. This is advantageous in reliably keeping the
distribution of the physical quantity in the closed space within
the allowable range.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating an example of
appearance of a thermostat-humidistat chamber.

FIG. 2 is a perspective view illustrating an example of the
inside of the thermostat-humidistat chamber.

FIG. 3 is a block diagram illustrating an example of a
structure in the thermostat-humidistat chamber.

FIG. 4 illustrates a concept of a method for controlling an
air conditioner of the thermostat-humidistat chamber.
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FIG. 5 is a flowchart indicating a general flow of the air
conditioner.

FIG. 6 is a flowchart of temperature/humidity control using
an air outlet sensor.

FIG. 7 is a flowchart of a distribution range determining
process.

FIG. 8 is a flowchart of temperature/humidity control using
test chamber sensors.

FIG. 9 is a flowchart of blade control.

FIG. 10 is a flowchart indicating a control flow of an air
conditioner of a second example embodiment.

DESCRIPTION OF EMBODIMENTS

The disclosed method is a method for controlling an air
conditioner which conditions air sucked from closed space
through an air inlet, and then discharges the conditioned air to
the closed space through an air outlet is controlled, thereby
controlling a state in the closed state to a predetermined target
state.

The control method includes: setting a target value for
controlling a physical quantity representing the state of the
closed space; measuring the physical quantity over time at a
plurality of different positions in the closed space; calculating
a moving average of measurements of the physical quantity
measured at each of the different positions; and controlling
the air conditioner in such a manner that a median between the
maximum value and the minimum value of the plurality of
calculated moving averages is the target value.

With this configuration, the physical quantity is measured
over time at each of the different positions in the closed space.
The measurements of the physical quantity are measurements
of the physical quantity obtained in the closed space, which
precisely indicate the state in the closed space.

Then, the moving average of the measurements of the
physical quantity measured at each of the different positions
is calculated, and the air conditioner is controlled in such a
manner that the median between the maximum value and the
minimum value of the plurality of calculated moving aver-
ages is the target value.

When the air conditioner is controlled in this way using the
moving averages of the measurements, hunting of the control
can be prevented, and the air conditioner can stably be con-
trolled because the parameter for such control shows gentle
temporal variation.

It is advantageous to control the air conditioner based on
the median of the range of distribution of the measurements of
the physical quantity obtained at the plurality of different
positions in the closed space, because positive and negative
ranges of the distribution of the physical quantity in the closed
space relative to the target value become equal. This can
reduce deviation of the range of the distribution of the physi-
cal quantity in the closed space from the target value, thereby
reliably keeping the range of the distribution of the physical
quantity within the allowable range.

The control method described above may include: second
measuring the physical quantity of the air discharged through
the air outlet, or sucked through the air inlet over time; second
calculating a moving average of measurements of the physi-
cal quantity measured in the second measuring; and second
controlling the air conditioner in such a manner that the
moving average of the measurements of the physical quantity
calculated in the second calculating is the target value.

The second controlling may be performed during a tran-
sient period in which the target value is initialized or reset.

When the air conditioner is controlled based on the moving
average of the measurements obtained in the closed space as
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described above, the parameter for such control only includes
information representing a relatively long-term trend. There-
fore, during the transient period in which the target value is
changed, the control may become unstable.

During the transient period in which the target value is
initialized or reset, the physical quantity of the air discharged
from the air outlet, or sucked through the air inlet is measured
over time, and the air conditioner is controlled based on the
moving average of the measurements of the physical quantity.
This can stably control the air conditioner, and can change the
state in the closed space quickly to the target state.

The control method described above may further include:
optimizing an angle of a blade which is attached to the air
outlet to change a discharge direction of the conditioned air,
wherein the optimizing includes: temporarily determining
the angle ofthe blade to a predetermined angle; measuring the
physical quantity at different positions in the closed space;
calculating a moving average of measurements of the physi-
cal quantity measured at each of the different positions; stor-
ing a difference between the maximum value and the mini-
mum value of the plurality of calculated moving averages;
repeating the measuring, the calculating, and the storing,
while changing the temporarily determined angle of the
blade; and setting the angle of the blade to an optimum angle
at which the difference between the maximum value and the
minimum value of the moving averages is reduced as much as
possible based on the stored information.

Specifically, when the range of the distribution of the
physical quantity in the closed space is too wide, the range of
distribution of the physical quantity may deviate from the
allowable range even when the positive and negative ranges of
the distribution of the physical quantity relative to the target
physical quantity are equal as described above.

Thus, the angle of the blade is adjusted to reduce the range
of'the distribution of the physical quantity in the closed space
as much as possible. In combination with the equalizing of the
positive and negative ranges of the distribution of the physical
quantity relative to the target value, the adjustment of the
blade angle can more reliably prevent the deviation of the
range of the distribution of the physical quantity from the
allowable range.

Another method for controlling the air conditioner
includes: setting a target value for controlling a physical
quantity representing the state of the closed space; first mea-
suring the physical quantity of the air discharged through the
air outlet, or sucked through the air inlet over time; second
measuring the physical quantity over time at least one posi-
tion in the closed space which is not near the air outlet and the
air inlet; first calculating a moving average of measurements
of'the physical quantity obtained at a specific position, which
is the air outlet or the air inlet, in the first measuring; second
calculating a moving average of measurements of the physi-
cal quantity in the closed space obtained in the second mea-
suring; calculating a correction amount by subtracting the
moving average of the measurements of the physical quantity
obtained at the specific position from the moving average of
the measurements of the physical quantity obtained in the
closed space; adding the calculated correction amount to the
physical quantity measured in the first measuring to calculate
a physical quantity for control, and controlling the air condi-
tioner in such a manner that the physical quantity for control
is the target value.

With this configuration, the physical quantity of the air
discharged through the air outlet, or sucked through the air
inlet is measured over time in the first measuring. The air
outlet and the air inlet are provided near the air conditioner.
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Thus, the physical quantity measured at this position can
change quickly in response to the control of the air condi-
tioner with a short lag.

In the second measuring, the physical quantity is measured
over time at least one position in the closed space which is not
near the air outlet and the air inlet. The measurements of the
physical quantity obtained at this position are the measure-
ments of the physical quantity obtained in the closed space,
which indicate the state in the closed space more precisely.

The moving average of the measurements of the physical
quantity obtained at the specific position in the first measur-
ing is calculated, and the moving average of the measure-
ments of the physical quantity in the closed space obtained in
the second measuring step is calculated. Then, the correction
amount is calculated by subtracting the moving average of the
measurements of the physical quantity obtained at the spe-
cific position from the moving average of the measurements
of the physical quantity obtained in the closed space. Then,
the calculated correction amount is added to the physical
quantity measured in the first measuring to obtain a physical
quantity for control. Since the correction amount is based on
the moving averages, its temporal variation is significantly
slower than the measured temporal variation of the physical
quantity. Thus, measuring the physical quantity in the vicinity
of'the air conditioner allows the physical quantity for control
to contain a temporal variation component which is approxi-
mately the same as that of the physical quantity having a small
lag for controlling the air conditioner. The physical quantity
for control contains information of the physical quantity mea-
sured in the closed space (the moving average of the physical
quantities in the space).

Specifically, by adding the correction amount to the physi-
cal quantity measured in the first measuring, the moving
average of the measurements of the physical quantity
obtained at the specific position is subtracted from the mea-
surement of the physical quantity. As a result, the temporal
variation component of the physical quantity measured near
the air conditioner is obtained. By adding the correction
amount to the physical quantity measured in the first measur-
ing, the moving average of the measurements of the physical
quantity in the space measured in the second measuring is
obtained. Thus, the air conditioner is feedback-controlled in
such a manner that the moving average of the physical quan-
tity in the space is the target value.

This allows stable control of the air conditioner, and
reduces the deviation of the range of the distribution of the
physical quantity in the closed space from the target value,
thereby keeping the range of the distribution of the physical
quantity within the allowable range.

The second measuring may be performed to obtain the
measurements of the physical quantity at the plurality of
different positions in the closed space. The calculating the
moving average of the measurements of the physical quantity
in the closed space may be performed to calculate the moving
average of the measurements of the physical quantity
obtained at each of the different positions. The calculating the
correction amount may be performed by subtracting the mov-
ing average of the measurements of the physical quantity
obtained at the specific position from a median between the
maximum value and the minimum value of the plurality of
calculated moving averages.

With this configuration, the air conditioner is feedback-
controlled in such a manner that the median of the range of the
distribution of the physical quantity in the closed space is the
target value, and the positive and negative ranges of the dis-
tribution of the physical quantities relative to the target value
can become equal. As a result, the range of distribution of the
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physical quantity in the closed space can more reliably be
kept within the allowable range. This can keep the range of the
distribution of the physical quantity in the closed space within
the allowable range with more reliability.

An example air conditioner includes: an air conditioning
part which conditions air sucked from closed space through
an air inlet, and discharges the conditioned air to the closed
space through an air outlet; a sensor for measuring a physical
quantity at different positions in the closed space; and a
controller for controlling the air conditioning part based on
measurements of the sensor in such a manner that a state in the
closed space is a predetermined target state, wherein the
controller includes: a setting section for setting a target value
for controlling the physical quantity based on an input signal;
a calculating section for calculating a moving average of the
measurements of the physical quantity measured at each of
the different positions; and a controlling section for control-
ling the air conditioning part in such a manner that a median
between the maximum value and the minimum value of the
plurality of calculated moving averages is the target value.

With this configuration, as described above, the air condi-
tioning part is feedback-controlled based on the moving aver-
ages of the measurements of the physical quantity obtained at
the different positions in the closed space. This allows stable
control of the air conditioning part, and can reduce the devia-
tion of the range of the distribution of the physical quantity in
the closed space from the target value, thereby keeping the
range of the distribution of the physical quantity within the
allowable range.

An example environmental tester includes: a test chamber
in which a specimen is placed; an air conditioner which
conditions air sucked from the test chamber through an air
inlet, and discharges the conditioned air to the test chamber
through an air outlet; a sensor for measuring a physical quan-
tity at different positions in the test chamber; and a controller
for controlling the air conditioner based on measurements of
the sensor in such a manner that a state in the test chamber is
a predetermined target state, wherein the controller includes:
a setting section for setting a target value for controlling the
physical quantity based on an input signal; a calculating sec-
tion for calculating a moving average of measurements of the
physical quantity measured at each of the different positions;
and a controlling section for controlling the air conditioner in
such a manner that a median between the maximum value and
the minimum value of the plurality of calculated moving
averages is the target value.

Referring to the drawings, the example air conditioner, and
a method for controlling the same will be described below.
The following description is provided merely for the illustra-
tive purpose, and does not limit the applications and uses of
the disclosed technology.

(First Embodiment)

FIGS. 1 and 2 show a thermostat-humidistat chamber 1 as
an example environmental tester. The thermostat-humidistat
chamber 1 is used for stability tests of pharmaceuticals, for
example. For this reason, temperature and humidity in a test
chamber S are stably kept within the predetermined ranges,
respectively.

As shown in FIG. 2, an air outlet 3 is formed in an upper-
most portion of a back wall of the test chamber S, through
which conditioned air of adjusted temperature and humidity
is discharged to the test chamber S from an air conditioner 8
including a refrigerator, a humidifier, a heater, etc. (see FIG.
3). Although not shown, an air inlet is formed in a lowermost
portion of the back wall of the test chamber S, through which
the air is supplied to the air conditioner 8. Thus, in the ther-
mostat-humidistat chamber 1, the air is circulated between
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the test chamber S and the air conditioner 8, thereby stably
keeping the temperature and the humidity in the test chamber
S within the predetermined ranges, respectively.

A plurality of blades 31 which extend in the horizontal
direction, and are capable of moving in the vertical direction
to change an angle thereof, and a plurality of blades 32 which
extend in the vertical direction, and are capable of moving in
the horizontal direction to change an angle thereof are
arranged in the air outlet 3. As the angles of the blades 31 and
32 change, the direction of air discharged to the test chamber
S changes. A blade actuator 33 is driven to change the angles
of the blades 31 and 32 (see FIG. 3). In this thermostat-
humidistat chamber 1, the angles of the blades 31 and 32 are
automatically optimized as described in detail below.

In the illustrated example, two shelf boards 4 are arranged
to be aligned in the vertical direction in the test chamber S,
and specimens are placed on the shelf boards 4. The number
and the position of the shelf boards 4 can suitably be deter-
mined.

Four sensors 5 are arranged respectively on a ceiling sur-
face, and on a bottom surface of the test chamber S to have
intervals therebetween, and a single sensor 5 is arranged at the
center of the test chamber S (at the center of the shelf board 4
in the illustrated example). The nine sensors 5 in total func-
tion as test chamber sensors 5 for measuring the temperature
and the humidity at the respective positions in the test cham-
ber S. Based on the measurements of the test chamber sensors
5, distributions of the temperature and the humidity in the test
chamber S can be obtained. The number of the test chamber
sensors 5 is not limited to nine, and the configuration shown
in FIG. 2 is merely an example. The positions of the test
chamber sensors 5 can suitably be determined depending on
the number of the test chamber sensors 5. However, the test
chamber sensors 5 are preferably placed substantially uni-
formly in the test chamber S to obtain the distributions of the
temperature and the humidity in the test chamber S. The
number of the test chamber sensors 5 will be described as N
in the following description.

In the thermostat-humidistat chamber 1, an air outlet sen-
sor 9 for measuring the temperature and the humidity is
arranged near the air outlet 3. The measurements of the air
outlet sensor 9 are used for feedback control of the air con-
ditioner 8.

Measurement signals from the air outlet sensor 9 and the
test chamber sensors 5 are sent to a controller 6 arranged in a
lower portion of the thermostat-humidistat chamber 1. The
controller 6 controls the air conditioner 8 based on the mea-
surements of the sensors 5 and 9 in such a manner that the
temperature and the humidity in the test chamber S are the
predetermined temperature and humidity, respectively.

As shown in FIG. 3, the controller 6 includes amplifiers for
amplifying the signals sent from the sensors 5 and 9, and a
data storing section 6a for storing the signals amplified by the
amplifiers.

Although not shown in FIG. 1, the controller 6 further
includes a temperature/humidity setting section 64 for setting
target values for controlling the temperature and the humidity
in the test chamber S based on a signal from a console panel
71 through which an operator sets the target temperature and
humidity, and an operating section 64 which receives signals
from the temperature/humidity setting section 65 and the data
storing section 6a, and carries out various operations for
controlling the air conditioner 8 as described below. The
results of the operations are shown on a display 72 provided
on a door 2 of the thermostat-humidistat chamber 1 as needed
(see FIG. 1).
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As described in detail below, the controller 6 includes a
determining section 6e which determines variations of distri-
butions of the temperature and the humidity in the test cham-
ber S (ranges of distributions). Based on the determination
results, a signal 73 (see FIG. 1), or an alarm 74 which give an
operator a warning is operated.

The controller 6 further includes a control adjustment oper-
ating section 6c which carries out an operation for determin-
ing control adjustments of the air conditioner 8 and the blade
actuator 33. The air conditioner 8 and the blade actuator 33
are controlled based on the results of the operation of the
control adjustment operating section 6c¢.

Referring to FIG. 4, the control of the air conditioner 8 of
the thermostat-humidistat chamber 1 will be described below.
FIG. 4 shows example humidity measurements of the five test
chamber sensors 5, and the single air outlet sensor 9. The
number of the test chamber sensors 5 is not particularly lim-
ited as described above. Adjustment of the humidity in the test
chamber S will be described below as an example of the
control of the air conditioner 8. The temperature will be
adjusted in the same manner.

Basically, the air conditioner 8 is controlled based on the
measurement of the air outlet sensor 9 (H,(1)) arranged near
the air outlet 3 in such a manner that the measurement (Hy(t))
is a target value (H,,,). Humidity (or temperature) of the
conditioned air discharged through the air outlet 3 can change
quickly in response to the control of the air conditioner 8 with
a small lag, thereby advantageously preventing hunting ofthe
control.

When the air conditioner 8 is controlled based on the mea-
surements obtained near the air outlet 3, the humidity at a
different position in the test chamber away from the air outlet
3 may deviate from the target value (H,, ). Thus, the humidity
distribution in the test chamber S is not uniform, and may vary
as indicated by the measurements of the test chamber sensors
5 (H,(t) (i=1-5)) shown in FIG. 4.

Inthis case, itis acceptable that the humidity distribution in
the test chamber S varies within the allowable range around
the target value (H,,,). However, when the air conditioner 8 is
controlled based on the measurements obtained near the air
outlet 3 as described above, the range of the humidity distri-
bution in the test chamber S may be shifted to positive, or
negative relative to the target value (H,,,). As a result, the
humidity measured at a certain different position in the test
chamber S may possibly deviate from the allowable range.

In the thermostat-humidistat chamber 1, moving averages
of the measurements of the test chamber sensors 5 and the air
outlet sensor 9 are calculated (see dot-dashed lines in F1G. 4),
and the measurement of the air outlet sensor 9 is corrected
based on the calculated moving averages, and the air condi-
tioner 8 is controlled.

Specifically, the moving average (<H>, (i=1-N)) of the
measurements of each of the test chamber sensors 5 (humid-
ity measurements) is calculated from an equation (1).

<H>=Z 00 G0) Ht)Z j—0-20G () 1
The moving average (<T>,) of temperature measurements
is calculated from an equation (2).

<T>7=Z 020G 0) TGV Z =0-20/G () (2)

In the above equations, t=t—j-At, and T=M-At, where At is

a clock tick, G(j) is a weight function, and T is a duration for
calculating the average. The weight function G(j) can suitably
be determined For example, a simple moving average of the
temperature measurements, and a simple moving average of

the humidity measurements may be calculated on condition
that G(j)=1.
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Then, a median (<H>,,,,) of the maximum value (<H>,, )
and the minimum value (<H>,,, ) of the calculated moving
averages is obtained (<H>,,, ~(<H>,,  +<H> . )/2).

A moving average (<H>,) of the measurements of the air
outlet sensor 9 is calculated, and the calculated moving aver-
age (<H>,) is subtracted from the median (<H>,, ) to calcu-
late a correction amount AH (AH=<H>, —<H>).

Based on the calculated correction amount AH, the mea-
surement (H,(t)) of the air outlet sensor 9 is corrected based
on the equation Hy*(t)=H,(t)+AH. The measurement of the
temperature of the air outlet sensor 9 after the correction is
obtained based on the equation T, *(t)=T,(t)+AT.

Since the correction amount AH (or AT) is based on the
moving averages, its temporal variation is significantly
slower than the temporal variation of the measurement of the
air outlet sensor 9. Thus, the corrected value H,*(t) (or T, *(t))
contains a temporal variation component which is approxi-
mately the same as that of the measurement H(t) (or T(1)),
and the temporal variation component can quickly change in
response to the control of the air conditioner 8 with a small
lag.

The corrected value Hy*(t) (or T *(t)) contains information
of'a median of the range of distribution of the humidity in the
test chamber S.

Thus, the air conditioner 8 is controlled based on the cor-
rected value Hy*(t) in such a manner that the median of the
distribution of the humidity in the test chamber S is the target
humidity. This can prevent deviation of the range of the dis-
tribution from the target humidity, and positive and negative
ranges of the distribution of the humidity in the test chamber
S relative to the target humidity become equal. Thus, the
range of the distribution of the humidity can be prevented
from deviating from the allowable range.

As described above, the temporal variation component of
the corrected value H,*(t) can change quickly in response to
the control of the air conditioner 8 with a small lag. This can
prevent hunting of the control.

In this thermostat-humidistat chamber 1, the air outlet sen-
sor 9 and the test chamber sensors 5 are associated to control
the air conditioner 8. Thus, the air conditioner 8 can stably be
controlled, and the distributions of the temperature and the
humidity in the test chamber S can be prevented from devi-
ating from the allowable ranges.

The temperature and the humidity measured by the air
outlet sensor 9 may significantly deviate from the medians of
the ranges of the distributions of the temperature and the
humidity in the test chamber S in many cases. When the
above-described control is repeated in such a case, the control
may slow down.

Thus, in this thermostat-humidistat chamber 1, the air con-
ditioner 8 is controlled based on the medians (the moving
averages) of the ranges of the distributions of the temperature
and the humidity in the test chamber S in the normal opera-
tion, thereby allowing stable control of the air conditioner 8,
and preventing the temperature and humidity distributions in
the test chamber S from deviating from the allowable ranges.

Referring to flowcharts shown in FIGS. 5-10, the control of
the air conditioner 8 performed by the controller 6 will be
described below.

FIG. 5 shows a general flow of the temperature and humid-
ity control in the thermostat-humidistat chamber 1. Instep S1,
a set temperature value and a set humidity value (T,,,, H,,,) as
the target values are set based on a signal sent from the
console panel 71.

In step S2, the air conditioner 8 is controlled using the
measurements of the air outlet sensor 9 only. Specifically, as
shown in the flowchart of FIG. 6, temperature measurements

10

15

20

25

30

35

40

45

50

55

60

65

10

and humidity measurements (T (t), Hy(t)) measured by the air
outlet sensor 9 are obtained in step S21, and the moving
averages (<T>,, <H>,), i.e., time average values of the tem-
perature and humidity at the air outlet 3, are calculated in step
S22. The moving averages (<>, <H>,) are calculated based
on the equations (1) and (2).

In step S23, the calculated moving averages (<>, <H>,)
and the set temperature and humidity values (T,,,, H,,,) are
compared. When NG is selected (when the moving averages
are deviated from the set temperature and humidity values),
the flow goes to step S24 to control the air conditioner 8 in
such a manner that the moving averages are the set tempera-
ture and humidity values, respectively, and then the flow
returns to step S21. When OK is selected in step S23 (when
the moving averages are approximately the same as the set
temperature and humidity values), the flow is terminated.

Back to the flowchart of FIG. 5, in step S3 following step
S2, a distribution range determining process is performed.
The distribution range determining process is performed to
determine whether the range of the distribution of the tem-
perature or the humidity in the test chamber S is as large as, or
smaller than the predetermined range. When the range of the
distribution is larger than the predetermined range, the angles
of the blades 31 and 32 are changed to reduce the range of
distribution, an alarm is given to request a check by the
operator, or the operation of the thermostat-humidistat cham-
ber 1 is stopped based on a determination that an abnormal
event has occurred, depending on how much larger the range
of' the distribution is than the predetermined range.

The distribution range determining process is performed
along the flow shown in FIG. 7. In step S31, the temperature
measurements and the humidity measurements (T,(t), H,(t)
(i=1-N)) of the test chamber sensors 5 are obtained, and
moving averages (<1>,, <H>)), i.e., time average values of the
temperature and humidity, are calculated in step S32. The
moving averages (<>, <H>,) are also calculated based on
the equations (1) and (2).

In step S33, a spatial distribution range (<T>,, .,
<H>, ;) 1s calculated. The multiple point distribution range
is a difference between the maximum value (<I>, .,
<H>,,..) and the minimum value (<T>,,,, <H>, ) of the
moving averages (<[>, <H>)) of the measurements of the
plurality of test chamber sensors (<T>,, ;,,=<T>,, , =<T>
<H>width:<H>max_<H>min) .

In step S34, whether the spatial distribution range
(<T>, 1005 <H>,,,4) 1s wider than the predetermined range
(AT1, AH1) is determined When the multiple point distribu-
tion range is wider than the predetermined range, i.e.,
<T> ,.»>AT1 or<H> ,  .>AH1, and NG is selected in step
S35, the flow goes to step S7 to perform control of the blades
as a problem-solving process (1). When the multiple point
distribution range is as wide as, or narrower than the prede-
termined range, i.e., <T>, .. <AT1, or <H> , ., <AHI1, and
OK is selected in step S35, the flow proceeds to step S36.

The control of the blades in step S7 is carried out along the
flowchart shown in FIG. 9. Specifically, the control of the
blades is performed by setting the angles of the blades at
which the ranges of the distributions of the temperature and
the humidity in the test chamber S are reduced as much as
possible. The blades are controlled by measuring the tem-
perature and humidity distributions by the test chamber sen-
sors 5, while the angles of the blades 31 and 32 are actually
changed by driving the blade actuator 33.

The angles of the blades 31 and 32 may be changed one by
one. However, the number of combinations becomes enor-
mous depending on the number of the blades 31 and 32 and
the range of their angles. Thus, some angle patterns each

mind
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defining the combination of the angles of the blades 31 and 32
may be determined in advance, and the angles of the blades
may be changed by changing the angle pattern.

In the flow shown in FIG. 9, the angles of the blades are
initialized in step S71 (6=0,), and the measurements of the
test chamber sensors 5 (temperature and humidity) are
obtained in step S72 (T,(6,, 1), H,(6,, t), where i represents the
test chamber sensor 5 (i=1-N), and 6, represents the angle of
the blade (j=0-Nj)).

In step S73, the blade actuator 33 is driven to change the
angles of the blades, and whether the angles of the blades are
the final angles (whether 8=0,; or not) is determined in step
S74. When NO is selected in step S74, the flow returns to step
S72, and the measurements of the test chamber sensors 5
(temperature and humidity) are obtained again as described
above. When YES is selected in step S74, the flow proceeds to
step S75. Thus, in step S72-S74, the spatial distributions of
the temperature and the humidity in the test chamber S are
obtained while changing the angles of the blades 31 and 32.

In step S75, the moving averages (<T>,(6,), <H>,(6))) are
obtained from the obtained measurements, and, the ranges of
the distributions of the temperature and the humidity at every
blade angle 8, are calculated in the step 876 (<T>,,;,,(0)),
<H>,,,2,(0,)). Specifically, the calculation is performed
based on the equations <T>, ,,,,(8 )=<T>,,,.(0,)-<T>,,.(6)),
and <H>width(ej):<H>max(ej)_<H>min(ej)'

Based on the calculation results in step S76, the blade angle
B, at which the ranges of the distributions (<T>,,,,(6)),
<H>,,,4#,(0,)) are reduced as much as possible is set as an
optimum blade angle 6, in step S77. In step S78, the blade
actuator 33 is driven to adjust the angles of the blades 31 and
32 to the optimum blade angle 8, In this way, the ranges of
the distributions of the temperature and the humidity in the
test chamber S can be reduced.

Back to the flow shown in FIG. 7, the multiple point dis-
tribution range (<T>,, ;,,, <H>, . .,,) is calculated again, and
whether the multiple point distribution range (<T>,,..,
<H>, ;) 1s wider than the predetermined range (AT2, AH2)
is determined in step S36. AT2 is smaller than AT1, and AH2
is smaller than AH1. When the multiple point distribution
range is wider than the predetermined range (<T>, ;,,>AT2,
or <H> ...>AH2), the flow proceeds from step S37 to step
S38, and a problem-solving process (2) is performed, i.e., the
alarm 74 is operated, and a warning lamp of the signal 73 is lit.
Specifically, when the ranges of the distributions of the tem-
perature and the humidity in the test chamber S are wider than
the predetermined ranges (AT2, AH2) even after the ranges of
the distributions of the temperature and the humidity in the
test chamber S are reduced by controlling the angles of the
blades, it is considered that some troubles have occurred. This
state is regarded as a moderate failure state. Then, the alarm
74 is operated, and the signal 73 is lit to give an alert to the
operator, and to urge the operator to perform a check. When
the multiple point distribution range is as wide as, or is nar-
rower than the predetermined range (<T>,,,,<AT2, and
<H>,,,=<AH2), the flow proceeds from step S37 to step S39.
When the check by the operator is finished in step S38, the
flow proceeds to step S39.

In step S39, the multiple point distribution range (<T>,, 1.,
<H>, ;) 1s calculated again, and whether the multiple point
distribution range (<T>, ;.. <H> ... is wider than the pre-
determined range (AT3, AH3) is determined. AT3 is larger
than AT2, and AH3 is larger than AH2. When the multiple
point distribution range is wider than the predetermined range
(<T>,,;05>AT3, or <H>,, .., >AH3), the flow proceeds from
step S310 to step S311, and a problem-solving process (3) is
performed, i.e., the thermostat-humidistat chamber 1 is
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stopped. Specifically, when the ranges of the distributions of
the temperature and the humidity in the test chamber S are
significantly wide even after the ranges of the distributions of
the temperature and the humidity in the test chamber S are
reduced by controlling the angles of the blades, and the check
by the operator is finished, it is considered that some troubles
have occurred. This state is regarded as a severe failure state,
and the thermostat-humidistat chamber 1 is stopped. When
the multiple point distribution range is as wide as, or narrower
than the predetermined range (<T>,,,,<AT3, and
<H>, ,»=<AH3), the flow is terminated.

In the present embodiment, the three processes (the blade
control, the alarm, and emergency stop) are carried out as
pass/fail processes. Any two of the three processes may be
carried out, or any one of the three processes may be carried
out. An additional process may be added to perform four or
more pass/fail processes.

Back to step S4 in the flow shown in FIG. 5, the air condi-
tioner 8 is controlled by using only the measurements of the
test chamber sensors 5. Specifically, as shown in the flow of
FIG. 8, the temperature measurements and the humidity mea-
surements (T (1), H(t) (i=0-N)) of the test chamber sensors 5
are obtained in step S41, and then the moving averages (<T>,,
<H>)), i.e., time average values of the temperature and
humidity, of the measurements are calculated in step S42. The
moving averages (<I>,, <H>,) are calculated based on the
equations (1) and (2).

In step S43, a median of the range of the distribution
(<T>,,s <H>,,,) is calculated. Specifically, based on the
maximum value (<T>,, ., <H> ) and the minimum value
(<T>,,,, <H>,,) of the calculated moving averages, the
median of the range of the distribution is calculated based on
the equations <I>,  ~(<T>, _ +<I> 32 and <H>, =
(<H>,, . +<H>,.)/2.

In step S44, the medians of the ranges of the temperature
and humidity distributions (<T>,,,,, <H>, . ) and the set tem-
perature and humidity values (T,,, H,,) are compared,
respectively. When NG is selected (when the medians of the
ranges of the distributions are deviated from the set tempera-
ture and humidity values), the flow goes to step S45 to control
the air conditioner 8 in such a manner that the medians are the
set temperature and humidity values, and then the flow returns
to step S41. When OK is selected in step S44 (when the
medians of the ranges of the distributions are substantially the
same as the set temperature and humidity values), the flow is
terminated.

Back to the flow shown in FIG. 5, whether the set tempera-
ture and humidity values are changed or not is determined in
step S5. The flow returns to step S1 when the values are
changed (YES is selected), or the flow returns to step S4 when
the values are not changed (NO is selected). Thus, when the
set temperature and humidity values are changed, steps S1-S4
are repeated, and the air conditioner 8 is controlled based on
the measurements of the air outlet sensor 9 in such a manner
that the temperature and the humidity are the changed set
temperature and humidity values, and the angles of the blades
31 and 32 are controlled in such a manner that the ranges of
the distributions of the temperature and the humidity are
reduced as much as possible. When the set temperature and
humidity values are not changed, the air conditioner 8 is
controlled based on the measurements of the test chamber
sensors 5.

Thus, in this thermostat-humidistat chamber 1, the air out-
let sensor 9 and the test chamber sensors 5 are associated to
control the air conditioner 8. Specifically, the air conditioner
8 is controlled in such a manner that the medians of the ranges
of'the distributions of the temperature and the humidity in the

min
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test chamber S are the target temperature and humidity,
respectively. This can prevent the ranges of the distributions
of the temperature and the humidity from deviating from the
target temperature and humidity, thereby reducing the devia-
tion of the ranges of the temperature and humidity distribu-
tions in the test chamber S from the allowable ranges.

In this case, the air conditioner 8 can stably be controlled
when the air conditioner 8 is controlled based on the moving
averages of the measurements in the test chamber S.

In particular, in initializing or changing the target tempera-
ture and humidity values, the control for changing the angles
of'the blades 31 and 32 is carried out to reduce the ranges of
the distributions of the temperature and the humidity as much
as possible. This can reliably prevent the deviation of the
ranges of the temperature and humidity distributions in the
test chamber S from the allowable ranges.

In this thermostat-humidistat chamber 1, the air condi-
tioner 8 is controlled based on the moving averages during the
normal operation. Since the moving averages merely vary
slowly, the control may become unstable during a transient
period in which the target values are changed. In the control
during the transient period of the air conditioner 8 for initial-
izing or changing the target values, the air conditioner 8 is
feedback-controlled using the moving average of the mea-
surements of the air outlet sensor 9, thereby keeping the
control of the air conditioner 8 stable, and immediately
changing the temperature and the humidity in the test cham-
ber S to be close to the target temperature and humidity.
(Second Embodiment)

FIG. 10 shows a flow for controlling the air conditioner 8
according to a second embodiment. In step S61, set tempera-
ture and humidity values (T,,,, H,,,) as the target values are set
based on a signal from the console panel 71.

In step S62, the temperature measurements and the humid-
ity measurements (T(t), H,(t)) of the air outlet sensor 9 are
obtained, and the temperature measurements and the humid-
ity measurements (T,(t), H,(t) (i=1-N)) of the test chamber
sensors 5 are obtained in step S63.

In step S64, moving averages of the temperature measure-
ments and the humidity measurements of the air outlet sensor
9 (<T>,, <H>,) are calculated, and moving averages of the
temperature measurements and the humidity measurements
of the test chamber sensors 5 (<T>,, <H>,) are calculated in
step S65. In step S66, medians of the ranges of the distribu-
tions of the temperature and humidity measurements
(<T>,,s <H>,,,) in the test chamber sensors 5 (moving
averages) are calculated.

In step S67, based on the medians of the ranges of the
distributions (<T>,,,, <H>, ), and the moving averages of
the measurements of the air outlet sensor 9 (<T>), <H>,), a
correction amount for correcting the temperature, and a cor-
rection amount for correcting the humidity (AT, AH) are
calculated (AT=<T>,,, ~<T>,, AH=<H>, . ~<H>,). Then,
the measurements of the air outlet sensor 9 are corrected using
the calculated correction amounts. Specifically, the correc-
tion is performed based on the equations T,*()=T,(D)+AT,
and Hy*(t)=Hy(t)+AH.

In step S68, the corrected temperature measurement T*(t)
of'the air outlet sensor 9 is compared with the target tempera-
ture value T,,,, and the corrected humidity measurement H,*
(t) of the air outlet sensor 9 is compared with the target
humidity value H,_,. When NG is selected (when the cor-
rected temperature measurement T, *(t) or the corrected
humidity measurement H,*(t) is deviated from the target
temperature or humidity value T, , H,_,), the flow proceeds to
step S69 to control the air conditioner 8 to remove the devia-
tion, and then the flow returns to step S62. When OK is
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selected in step S68 (when the corrected temperature mea-
surement T,*(t) and the corrected humidity measurement
H,*(t) are substantially the same as the target temperature and
humidity values T, H,,,), the flow proceeds to step S610 to
determine whether the set temperature and humidity values
are changed or not. When the values are changed (YES is
selected), the flow returns to step S61. When the values are
not changed (NO is selected), the flow returns to step S62.

In the second embodiment, the measurements of the air
outlet sensor 9 are corrected based on the medians of the
ranges of the distributions of the temperature and the humid-
ity in the test chamber S, thereby controlling the air condi-
tioner 8 in such a manner that the medians of the ranges of the
distributions of the temperature and the humidity in the test
chamber S are the target temperature and humidity values,
respectively. This can prevent the deviation of the ranges of
the distributions of the temperature and the humidity from the
target temperature and humidity values, and can reduce the
deviation of the ranges of the distributions of the temperature
and the humidity in the test chamber S from the allowable
ranges.

The correction amount is determined based on the moving
averages of the measurements of the sensors 5 and 9. Thus,
the corrected measurement of the air outlet sensor 9 (T,*(t),
RAW has a temporal variation component which is approxi-
mately the same as a temporal variation component of the
measurement (T(t), Hy(t)) of the air outlet sensor 9 arranged
near the air outlet 3. The corrected measurement can change
quickly in response to the control of the air conditioner 8 with
a small lag, thereby preventing hunting of the control.

In each of the above embodiments, the air outlet sensor 9 is
arranged near the air outlet 3. However, the sensor 9 may be
arranged near the air inlet, for example, to perform the control
in the same manner as described above.

In each of the above embodiments, the plurality of test
chamber sensors 5 are arranged in the test chamber S. How-
ever, for example, the number of the test chamber sensors 5 in
the test chamber S may be reduced to one. In this case, the
median of the range of the distribution etc. may be calculated
on condition that the maximum value (<>, , <H>  )and
the minimum value (<T>,,, <H>,,) are the same
<T>,, . =<I>, .., <H>  ~<H> ), ie., arethe same as the
moving average of the measurements of the test chamber
sensor 5 of the above embodiments.

In the above embodiments, the method for controlling the
air conditioner has been described by way of an example of
the thermostat-humidistat chamber 1. However, the control
method may be applied to environment testers (environment
test chambers), such as thermostat chambers which stably
keep the temperature in the test chamber S within the prede-
termined range. The disclosed air conditioner and method for
controlling the air conditioner are effective in keeping the
spatial distributions of the temperature and the humidity in
the closed space within the allowable ranges, and are appli-
cable, not only to the environmental testers, but also to a wide
variety of apparatuses, such as environmental testers, comfort
air conditioners for houses, stores, and various facilities,
industrial air conditioners for plants, warehouses, and various
facilities, refrigerating apparatuses such as refrigerators,
refrigerated containers, etc. Depending on the apparatus to
which the disclosed technology is applied, the air inlet sensor
and the test chamber sensors described above may be
replaced with a sensor which measures the physical quantity
from a remote position.

Industrial Applicability

As described above, the disclosed technology allows stable

control of the air conditioner, and keeps the range of varia-
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tions in spatial distribution of the physical quantity, such as
temperature and humidity, in the closed space within the
allowable range. Thus, the disclosed technology is applicable
to a wide variety of apparatuses, such as environmental
testers, comfort air conditioners for houses, stores, and vari-
ous facilities, industrial air conditioners for plants, ware-
houses, and various facilities, refrigeration apparatuses such
as refrigerators, refrigerated containers, etc.

DESCRIPTION OF REFERENCE CHARACTERS

3 Air outlet

31, 32 Blade

5 Test chamber sensor (sensor)

6 Controller

65 Temperature/humidity setting section (setting section)
6¢ Control adjustment operating section (controller)

6d Operating section

8 Air conditioner

9 Air outlet sensor

S Test chamber (closed space)

The invention claimed is:

1. A method for controlling an air conditioner which con-
ditions air sucked from closed space through an air inlet, and
then discharges the conditioned air to the closed space
through an air outlet, thereby controlling a state in the closed
space to a predetermined target state, the method comprising:

setting a target value for controlling a physical quantity

representing the state of the closed space;

during a moving predetermined time period in which the

air conditioner is operating, first measuring the physical
quantity of the air discharged through the air outlet, or
sucked through the air inlet over time;
during the time period second measuring the physical
quantity over time at least one position in the closed
space which is not near the air outlet and the air inlet;

during the time period first calculating a moving average of
measurements of the physical quantity obtained at one
of the air outlet and the air inlet, in the first measuring;

during the time period second calculating a moving aver-
age of measurements of the physical quantity in the
closed space obtained in the second measuring;

calculating a correction amount by subtracting the moving
average of the measurements of the physical quantity
obtained at the one of the air outlet and the air inlet
during the time period from the moving average of the
measurements of the physical quantity obtained in the
closed space;

adding the calculated correction amount to the physical

quantity measured in the first measuring to calculate a
physical quantity for control, and

controlling operation of the air conditioner during the time

period in such a manner that the physical quantity for
control is the target value.

2. The method of claim 1, wherein the physical quantity is
humidity (H) and wherein the moving average (<H>i) is
calculated from the following formula:

<H>=2 0.0 00 H{LYZ j=0.20/G (),
wherein t is time, t,~t—j-At, T=M-At where At is clock tick,
G(j) is a weight function, and T is a duration for calcu-
lating the average.
3. The method of claim 1, wherein the physical quantity is
temperature (T) and wherein the moving average (<T>i) is
calculated from the following formula:

<I>72 01000 T Z 020G ()s
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wherein t is time, t=t—j-At, t=M-At where At is clock tick,
G(j) is a weight function, and T is a duration for calcu-
lating the average.

4. An air conditioner comprising:

an air conditioning part which conditions air sucked from
closed space through an air inlet, and discharges the
conditioned air to the closed space through an air outlet;

afirst sensor for measuring a physical quantity at one ofthe
air outlet and the air inlet;

a second sensor adapted to measure the physical quantity at
different positions in the closed space during a moving
predetermined time period in which the air conditioner
is operating; and

a controller for controlling the air conditioning part based
on measurements of the sensor in such a manner that a
state in the closed space is a predetermined target state,

wherein the controller includes:

a setting section for setting a target value for controlling the
physical quantity based on an input signal;

a first calculating section for calculating a moving average
of the measurements of the physical quantity measured
at the one of the air outlet and the air inlet;

a second calculating section for calculating a moving aver-
age of the measurements of the physical quantity mea-
sured at each of the different positions during the time
period;

a correction amount calculating section for calculating a
correction amount by subtracting the moving average of
the measurements of the physical quantity calculated by
the first calculating section from the moving average of
the measurements of the physical quantity calculated by
the second calculating section;

a physical amount correcting section for calculating a
physical quantity for control by adding the correction
amount calculated by the correction amount calculating
section to the physical quantity measured by the first
sensor; and

a controlling section for controlling operation of the air
conditioning part during the time period in such a man-
ner that the physical quantity for control calculated by
the physical amount correcting section is the target
value.

5. The air conditioner of claim 4, wherein the physical

quantity is humidity (H) and wherein the moving average
(<H>1) is calculated from the following formula:

<H>=2 0.0 00 H{LYZ =020/ G (),
wherein t is time, t=t—j-t, t==M-At where At is clock tick,
G(j) is a weight function, and T is a duration for calcu-
lating the average.
6. The air conditioner of claim 4, wherein the physical
quantity is temperature (T) and wherein the moving average
(<T>1) is calculated from the following formula:

<T>i:2(/':071\/1)G(].)'Ti(lj)/x(jzoJ\/I)G(]‘)a

wherein t is time, t=t—j-At, t=M"At where At is clock tick,
G(j) is a weight function, and T is a duration for calcu-
lating the average.

7. An environmental tester comprising:

a test chamber in which a specimen is placed;

an air conditioner which conditions air sucked from the test
chamber through an air inlet, and discharges the condi-
tioned air to the test chamber through an air outlet;

afirst sensor for measuring a physical quantity at one ofthe
air outlet and the air inlet;
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a second sensor adapted to measure a physical quantity at
different positions in the test chamber during a moving
predetermined time period in which the air conditioner
is operating; and

a controller for controlling the air conditioner based on
measurements of the sensor in such a manner that a state
in the test chamber is a predetermined target state,

wherein the controller includes:

asetting section for setting a target value for controlling the
physical quantity based on an input signal;

a first calculating section for calculating a moving average
of the measurements of the physical quantity measured
at the one of the air outlet and the air inlet;

a second calculating section for calculating a moving aver-
age of measurements of the physical quantity measured
at each of the different positions during the time period;

a correction amount calculating section for calculating a
correction amount by subtracting the moving average of
the measurements of the physical quantity calculated by
the first calculating section from the moving average of
the measurements of the physical quantity calculated by
the second calculating section;

a physical amount correcting section for calculating a
physical quantity for control by adding the correction
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amount calculated by the correction amount calculating
section to the physical quantity measured by the first
sensor; and

a controlling section for controlling operation of the air

conditioner during the time period in such a manner that
the physical quantity for control calculated by the physi-
cal amount correcting section is the target value.

8. The environmental tester of claim 7, wherein the physi-
cal quantity is humidity (H) and wherein the moving average
(<H>1) is calculated from the following formula:

<H>=2 0.0 00 H{LYZ =020/ G (),
wherein t is time, t=t—j-At, t=M-At where At is clock tick,
G(j) is a weight function, and T is a duration for calcu-
lating the average.
9. The environmental tester of claim 7, wherein the physi-

cal quantity is temperature (T) and wherein the moving aver-
age (<T>1) is calculated from the following formula:

<I>72 000G 0) TG Z 020G ()
wherein t is time, t=t—j-At, t=M"At where At is clock tick,
G(j) is a weight function, and T is a duration for calcu-
lating the average.
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